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(54) Human growth hormone to stimulate mobilization of pluripotent hematopoietic stem cells 

(57) The invention relates to the field of hematopoi- 
etic CD34+ cell mobilization. In particular, this invention 
relates to a method for increasing the mobilization of 
pluripotent hematopoietic CD34 + cells by administration 
of human growth hormone or one of its derivates to the 
individual. 
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Description 

[0001 ] Bone marrow transplantation (BMT) is a clin- 
ical procedure in which pluripotent hematopoietic cells 
obtained from bone marrow are transplanted to a 
patient. BMT is the treatment of choice in several hema- 
tological disorders, including malignancies, Severe 
Combined Immune Deficiencies (SCIDs), congenially 
or genetically determined hematopoietic abnormalities, 
anemia, aplastic anemia, leukemia and osteopetrosis 
(Fischer et al., 1998). In the last ten years, the use of 
BMT grew from less than 5000 to more than 40*000 
annually (Waters et al, 1998). 
[0002] Under steady state condition, the majority of 
hematopoietic stem and progenitor cells reside in the 
bone marrow and only a low number of these cells are 
detectable in peripheral blood. However, additional stem 
cells can be mobilized into the peripheral blood by treat- 
ment with myelosuppressive agents and/or certain 
hematopoietic growth factors (Van Hoef, 1998). Studies 
have demonstrated that peripheral blood stem cells 
(PBSC) infused in a host exhibits enhanced potential for 
engraftment as compared to bone marrow-derived stem 
and progenitor cells (Gianni et al., 1989 ; Larsson et al. 
, 1998). Thus, PBSC mobilized by chemotherapy, 
hematopoietic growth factors or the combination of 
these modalities are currently used in both autologous 
and nonautologous transplantation settings (Van Hoef, 
1998 ; Anderlini and Korbling, 1997). In the case of non- 
autologous transplantation, the donors of stem cells are 
normal individuals and the procedure for mobilization of 
stem cells into the blood stream has to be achieve with 
minimal discomfort. In this case, stem cells mobilization 
with hematopoietic growth factors is preferred to the 
treatment with antiblastic drugs (i.e. cyclophosphamide 
[0003] Several hematopoietic growth factors, such 
as G-CSF, EPO and CSF have been studied as mobiliz- 
ing agents and are currently used to increase the 
number of PBSC prior to leukapheresis (Henry, 1997; 
Weaver and Testa, 1998). Treatments aimed at stimulat- 
ing the overall hematopoiesis may be of great interest to 
mobilize a large set of progenitor cells and stem cells. 
Increased mobilization of stem cells is extremely valua- 
ble in the context of hematopoietic stem cells transplan- 
tation by reducing the number of leukapheresis required 
to collect sufficient amount of hematopoietic stem cells 
to be transplanted. 

[0004] The first part of the invention provides a new 
mobilising agent used to increase the number of circu- 
lating cells capable of regenerating hematopoiesis in 
vivo in an individual. . 
[0005] The new mobilizing agent of the invention is 
growth hormone and especially Human Growth Hor- 
mone (hGH) or one of its derivatives or any factor induc- 
ing growth hormone release. 

[0006] It has now been found that, by administering 
growth hormone and especially Human Growth Hor- 
mone (hGH) or one of its derivatives or any factor induc- 
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ing growth hormone release, a mobilization of cells 
capable of regenerating hematopoiesis in vivo is 
obtained in the peripheral blood. Therefore, growth hor- 
mone and especially human Growth Hormone (hGH) or 

5 one of its derivatives or any factor inducing growth hor- 
mone release, administered alone or in combination 
with other factors, represents a new method or use to 
mobilize cells capable of regenerating hematopoiesis in 
vivo to the peripheral blood. 

to [0007] Human Growth Hormone (hGH), also known 
as somatotropin is a protein hormone produced and 
secreted by the somatotropic cells of the anterior pitui- 
tary. hGH plays a key role in somatic growth through its 
effects on the metabolism of proteins, carbohydrates 

15 and lipids. In addition to its effects on somatic growth, 
hGH has been shown to stimulate blood cells in vitro 
(Derfalvi et al., 1998 ; Merchav et al; 1988), to increase 
erythrocytes and hemoglobin counts (Valerio et al. , 
1997 ; Vihervuori et al. , 1996), to enhance both prolifer- 

20 ation and Ig production in plasma cell lines (Kimata and 
Yoshida, 1994) and to stimulate CD8 + cell counts and, 
to a lesser extent CD4 + cell counts (Geffner, 1997). 
[0008] The methods and uses of the invention 
which use the mobilising agent of the invention have 

25 several advantages : 

There is a low number of circulating cells capable of 
regenerating hematopoiesis. This number is con- 
sidered insufficient to provide a cells engraftment 

30 dose by single or multiple apheresis in a reasonable 
time period. Methods and uses of the invention 
solve this problem by a temporary peripheralization 
of said cells and subsets into the circulating blood 
which is widely used to significantly increase in the 

35 blood the yield of circulating cells capable of regen- 
erating hematopoiesis in vivo, thus minimizing the 
number of aphereses needed to achieve an 
engraftment dose. 

Other advantages of the methods and uses of the 
40 invention include the possibility of : 

a) circumventing the need of general anasthe- 
sia, 

b) harvesting even if iliac bones are damaged 
45 by previous radiotherapy or infiltrated with 

malignant cells, 

c) achieving restoration of sustained hemat- 
opoietic functions more rapidly than with BM 
derived progenitor cells. 

so d) achieving restoration of sustained hemat- 

opoietic functions more rapidly and effectively 
than without a pre-treatment including a 
method or a use of the invention. 

55 - Generally, methods and uses of the invention are 
effective and safe to mobilize to peripheral blood 
cells capable of regenerating hematopoiesis in vivo. 
Methods and uses of the invention are not toxic in 
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view of main parameters of toxicity which are for 
example tumor growth, clinical and instrumental 
symptoms, or laboratory tests for cardiac, liver and 
renal function. 

The increased mobilization of circulating cells capa- 
ble of regenerating hematopoiesis in vivo obtained 
with the methods and uses of the invention is 
extremely valuable in the context of hematopoietic 
stem cells transplantation by reducing the number 
of ieukapheresis required to collect sufficient 
amount of hematopoietic cells to be transplanted. 
Methods and uses of the invention lead to a reduc- 
tion of the volume of blood required to be proc- 
essed during the apheresis or Ieukapheresis 
procedure in order to obtain the specified target 
number of cells. The advantages of processing a 
reduced volume of blood are that the patient 
spends less time on the cell separating machine, 
that it reduces the toxicity of the procedure, particu- 
larly in terms of the volume of anticoagulant to 
which the patient would be exposed during the pro- 
cedure, that it reduces the machine and the opera- 
tor's time. 

Furthermore, the transplantation of a population of 
blood cells enriched with cells capable of regener- 
ating hematopoiesis in vivo, which population is 
obtained from the peripheral blood by the methods 
or uses of the invention has the effect to enhance 
reconstitution of recipient's hematopoietic and 
immune systems following myeloablative or anti- 
blastic therapies. 

[0009] In a first aspect, the invention concerns a 
method of preparation of a population of circulating cells 
capable of regenerating hematopoiesis in vivo compris- 
ing : 

a) administering to a donor a composition compris- 
ing growth hormone or one of its derivatives or any 
factor inducing growth hormone release in an 
amount sufficient to increase in said donor the 
number of circulating cells capable of regenerating 
hematopoiesis in vivo, 

b) isolating a population of circulating cells capable 
of regenerating hematopoiesis in vivo from the 
peripheral blood of said donor. 

[0010] The method of the invention thus produces a 
population of cells capable of regenerating hematopoie- 
sis in vivo, this population being destined for transplan- 
tation in the same or in different individuals. 
[0011] Thus, the invention concerns a method of 
preparation of a population of blood cells enriched with 
cells capable of regenerating hematopoiesis in vivo 
comprising : 

a) administering to a donor a composition compris- 
ing growth hormone or one of its derivatives or any 
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factor inducing growth hormone release in an 
amount sufficient to increase in said donor the 
number of circulating cells capable of regenerating 
hematopoiesis in vivo, 
5 b) isolating a population of blood cells enriched with 
cells capable of regenerating hematopoiesis in vivo 
from the peripheral blood of said donor. 

[0012] In a further embodiment, the invention 
10 relates to a method of isolating an increased number of 
circulating cells capable of regenerating hematopoiesis 
in vivo from a donor comprising : 

a) administering to a donor a composition compris- 
15 ing growth hormone or one of its derivatives or any 

factor inducing growth hormone release alone, or in 
combination with other hematopoietic growth fac- 
tors, to the subject in an amount sufficient to induce 
mobilization of cells capable of regenerating hemat- 
20 opoiesis in vivo to the peripheral blood, 

b) isolating a population of blood cells enriched with 
cells capable of regenerating hematopoiesis in vivo 
from the peripheral blood of said donor. 

25 [0013] In another embodiment, the invention con- 
cerns a method of preparation of a population of circu- 
lating cells capable of regenerating hematopoiesis in 
vivo comprising : 

30 a) administering to a donor a composition compris- 
ing growth hormone or one of its derivatives or any 
factor inducing the growth hormone release in an 
amount sufficient to induce in said donor the mobi- 
lization or peripheralisation of circulating cells capa- 

35 ble of regenerating hematopoiesis in vivo, 

b) isolating a population of circulating cells capable 
of regenerating hematopoiesis in vivo from the 
peripheral blood of said donor or isolating a popula- 
tion of blood cells enriched with circulating cells 

40 capable of regenerating hematopoiesis in vivo from 
the peripheral blood of said donor. 

[0014] Step b) p.e. << isolating a population of 
(blood cells enriched with) circulating cells capable of 

45 regenerating hematopoiesis in vivo from the peripheral 
blood of said donor ) >] of the methods or uses of the 
invention may correspond to the operation of removing 
peripheral blood from the donor wherein the number of 
cells capable of regenerating hematopoiesis in vivo has 

so been increased by administration of growth hormone or 
one of its derivatives or any factor inducing growth hor- 
mone alone or in combination with other factors. 
[0015] The operation of removing peripheral blood 
from the donor may correspond to Ieukapheresis. Leu- 

55 kapheresis is a procedure, in which, leukocytes are 
removed from the withdrawn blood and the remainder of 
the blood is retransf used into the donor. 
[001 6] Cells capable of regenerating hematopoiesis 
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in vivo present in the isolated population of blood cells 
can be further purified in order to increase the concen- 
tration of said cells. Said purification may be done by 
positive selection of CD34 positive cells. 
[0017] In a further embodiment, the invention con- s 
cerns a method of preparation of a donor of circulating 
cells, which cells are capable of regenerating hemat- 
opoiesis in vivo comprising the administration to said 
donor of a composition comprising growth hormone or 
one of its derivatives or any factor inducing growth nor- to 
mone release in an amount sufficient to increase the 
number of circulating cells capable of regenerating 
hematopoiesis in vivo in said donor. 
[0018] In another embodiment, the invention con- 
cerns a method for increasing the number of circulating 15 
cells capable of regenerating hematopoiesis in vivo in a 
donor by administration to said donor of a composition 
comprising growth hormone or one of its derivatives or 
any factor inducing the growth hormone release. 
[0019] The term "increased" or "increase" and the 20 
term "enriched" generally mean in the context of the 
invention that the Increased" or "enriched" parameter 
(number) has a value which is above the standard value 
of this parameter. The standard value of the parameter 
is measured in a body or in a sample of a body which 25 
has not received any mobilising agent of cells capable 
of regenerating hematopoiesis in vivo. The standard 
value of the number of CD34 + cells per microliter of 
blood is for example 3.8 (+ or - 3.2) cells per microliter of 
peripheral blood (Anderlini et ai., 1997). 30 
[0020] The circulating cells capable of regenerating 
hematopoiesis in vivo may be CD34 + cells. 
[0021] The frequency of CD34 + cells in the blood 
may be measured by FACScan measurements (Siena 
etal., 1989 & 1991). 

[0022] The increased number of CD34 + cells in the 
peripheral blood of the donor or the level of enrichment 
of CD34 + cells in the isolated preparation of blood cells 
may be more than 10 CD34 + cells per microliter of 
peripheral blood. 

[0023] The increased number of CD34 + cells in the 
peripheral blood of the donor or the level of enrichment 
of CD34 + cells in the isolated preparation of blood cells 
may be at least 2x10 6 CD34 + cells per kilogram of recip- 
ient body weight, or at least 4x1 0 6 CD34 + cells per kilo- 
gram of recipient body weight or at least 8x1 0 6 CD34 + 
cells per kilogram of recipient body weight. 
[0024] The increased number of CD34 + cells in the 
peripheral blood of the donor or the level of enrichment 
of CD34 + cells in the isolated preparation of blood cells 
may be at least 2x1 0 6 CD34 + cells per kilogram of donor 
body weight, at least 4x1 0 6 CD34 + cells per kilogram of 
donor body weight or at least 8x1 0 6 CD34 + cells per kil- 
ogram of donor body weight. 

[0025] There is a correlation between the number of 
CD34 + cells required for transplantation and the corre- 
sponding GM-CFC activity which can be measured 
(Weaver et al., 1998). Therefore, the increased number 



of circulating cells capable of regenerating hematopoie- 
sis in vivo or the level of enrichment of cells capable of 
regenerating hematopoiesis in vivo in the isolated prep- 
aration of Wood cells may correspond to at least 1x10 5 
GM-CFC per kilogram of donor or recipient body weight. 
[0026] The number of CD34 + cells in the blood cor- 
relates well with CFU-GM (Siena et al. t 1991). CFU-GM 
is the colony forming unit, granulocyte and macrophage. 
Therefore, the increased number of circulating cells 
capable of regenerating hematopoiesis in vivo or the 
level of enrichment of cells capable of regenerating 
hematopoiesis in vivc in the isolated preparation of 
blood cells may correspond to at least 500 CFU-GM per 
milliliter of peripheral blood. 

[0027] With the same reasoning, the increased 
number of circulating cells capable of regenerating 
hematopoiesis in vivo or the level of enrichment of cells 
capable of regenerating hematopoiesis in vivo in the 
isolated preparation of blood cells may correspond to an 
increased level of CFU-C, CFU-Meg or BFU-E. CFU-C 
is the colony forming unit, culture ; CFU-Meg is the col- 
ony forming unit, megakaryocyte and BFU-E is the burst 
forming unit, erythroid. 

[0028] The number of CD34 + cells in the blood cor- 
relates well with the white blood cell count. Therefore, 
the increased number of circulating cells capable of 
regenerating hematopoiesis in vivo or the level of 
enrichment of celts capable of regenerating hematopoi- 
esis in vivo in the isolated preparation of blood cells may 
correspond to at least 1000 white blood cells per micro- 
liter of peripheral blood. 

[0029] The circulating cells capable of regenerating 
hematopoiesis in vivo may be CD347CD33 + cells 
and/or CD34 + /CD38" cells and/or CD34VThy-l cells 
and/or CD347Thy-l/CD38" cells and/or CD33 + cells 
and/or bone-marrow stem cells and/or progenitor cells 
and/or long-term culture initiating cells (LTC-IC) and/or 
cells that fulfill self renewal potential and/or cells that ful- 
fill pluripotential characteristics and/or cells that initiate 
long term bone marrow culture and/or cells that can 
generate multiple cell lineages. Cell lineages may be 
fully differentiated blood cells. 

[0030] The CD347CD38" cells and CD34VThy-l 
cells and CD34 + /Thy-I/CD38" cells are recited for exam- 
ple in Anderlini et al (see references). The 
CD34 + /CD33 + cells and the CD33 + cells are recited for 
example in Siena et al ; 1991 (see references). The 
long-term culture initiating cells (LTC-IC) are recited for 
example in Heather et a^ see references). Cells that ful- 
fill self renewal potential and/or cells that fulfill pluripo- 
tential characteristics and/or cells that initiate long term 
bone marrow culture are recited for example in Anderlini 
et a/ (see references). 

[0031] In a further embodiment, the' invention 
relates to the following uses : 

Use of growth hormone, one of its derivatives, or 
any factor inducing growth hormone release to pre- 
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pare a medicament for increasing or expanding the 
number of circulating celts capable of regenerating 
hematopoiesis in vivo. 

Use of growth hormone, one of its derivatives or 
any factor inducing growth hormone release to pre- 5 
pare a medicament for peripheral izing cells capable 
of regenerating hematopoiesis in vivo. 
Use according to any one of the preceding uses 
wherein the circulating cells capable of regenerat- 
ing hematopoiesis in vivo are CD34 + cells. w 
Use according to the preceding use wherein the 
increased number of CD34 + cells is more than 10 
CD34 + cells per microliter of peripheral blood. 
Use according to any one of the preceding uses 
wherein the increased number of CD34 + cells is at -is 
least 2x1 0 6 CD34 + cells per kilogram of recipient 
body weight, or at least 4x1 0 6 CD34 + cells per kilo- 
gram of recipient body weight or at least 8x1 0 6 
CD34 + cells per kilogram of recipient body weight. 
Use according to any one of the preceding uses 20 
wherein the increased number of CD34 + cells is at 
least 2x1 0 6 CD34 + cells per kilogram of donor body 
weight, at least 4x10 s CD34 + cells per kilogram of 
donor body weight or at least 8x10 6 CD34 + cells 
per kilogram of donor body weight. 25 
Use according to any one of the preceding uses 
wherein the increased number of circulating cells 
capable of regenerating hematopoiesis in vivo cor- 
responds to at least 1 x1 0 5 GM-CFC per kilogram of 
donor or recipient body weight. 30 
Use according to any one of the preceding uses 
wherein the increased number of circulating cells 
capable of regenerating hematopoiesis in vivo cor- 
responds to at least 500 CFU-GM per milliliter of 
peripheral blood. 35 
Use according to any one of the preceding uses 
wherein the increased number of circulating cells 
capable of regenerating hematopoiesis in vivo cor- 
responds to an increased level of CFU-C, CFU-Meg 
or BFU-E. 40 
Use according to any one of the preceding uses 
wherein the increased number of circulating cells 
capable of regenerating hematopoiesis in vivo sub- 
stantially corresponds to a white blood cell count 
which is at least 1000 cells per microliter of periph- 45 
eral blood. 

Use according to any one of the preceding uses 
wherein the circulating cells capable of regenerat- 
ing hematopoiesis in vivo are CD34 + /CD33 + cells 
and/or CD34 + /CD38" cells and/or CD34 + /Thy-I cells so 
and/or CD34 + /Thy-I/CD38* cells and/or CD33 + cells 
and/or stem cells and/or progenitor cells and/or 
long-term culture initiating cells (LTC-IC) and/or 
cells that fulfill self renewal potential and/or cells 
that fulfill pluripotential characteristics and/or cells 55 
that initiate long term bone marrow culture. 
Use according to any one of the preceding uses 
wherein the composition comprises further one or 



several compound(s) chosen among the following 
groups of compounds : hematopoietic growth fac- 
tors, cytokines, chemokines, monoclonal antibod- 
ies. 

Use according to any one of the preceding uses 
wherein the cytokines group comprises IL-1 , IL-3, 
G-CSF, GM-CSF or SCF ; the chemokines group 
comprises MIP-1a or thrombopoietin (TPO) ; the 
monoclonal antibodies group comprises anti-VLA-4 
antibodies. 

Use according to any one of the preceding uses 
wherein the composition comprises Growth Hor- 
mone and G-CSR 

Use according to any one of the two preceding uses 
wherein the G-CSF is administered in an amount of 
10^g per kilogram. 

Use according to any one of the two preceding uses 
wherein the administration is made by intravenous 
route. 

Use according to any one of the preceding uses 
wherein the administration is made by parenteral, 
subcutaneous, intravenous, intramuscular, intra- 
peritoneal, transdermal or buccal routes. 
Use according to any one of the preceding uses 
wherein the administration is daily. 
Use according to any one of the preceding uses 
wherein the administration is made over a period of 
5 days or over a period of 1 0 days. 
Use according to any one of the preceding uses 
wherein growth hormone is recombinant growth 
hormone. 

Use according to any one of the preceding uses 
wherein growth hormone is human growth hor- 
mone. 

[0032] I n a second aspect, the invention concerns a 
method of preparation of a population of circulating cells 
capable of regenerating hematopoiesis in vivo compris- 
ing : 

a) administering to a donor a composition compris- 
ing growth hormone or one of its derivatives or any 
factor inducing growth hormone release in an 
amount sufficient to reduce the volume of blood 
required to be processed in order to obtain the 
specified target number of circulating cells capable 
of regenerating hematopoiesis in vivo, 

b) processing or isolating said reduced volume of 
blood ; and optionally 

c) isolating a population of circulating cells capable 
of regenerating hematopoiesis in vivo from said iso- 
lated volume. 

[0033] Step b) or c) [isolating a population of circu- 
lating cells capable of regenerating hematopoiesis in 
vivo from said isolated volume] of the methods or uses 
of the invention may correspond to the operation of 
removing peripheral blood from the donor wherein the 
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number of cells capable of regenerating hematopoiesis 
in vivo has been increased by administration of growth 
hormone or one of its derivatives or any factor inducing 
growth hormone alone or in combination with other fac- 
tors. 5 
[0034] The operation of removing peripheral blood 
from the donor may correspond to leukapheresis. Leu- 
kapheresis is a procedure, in which, leukocytes are 
removed from the withdrawn blood and the remainder of 
the blood is retransfused into the donor. w 
[0035] Cells capable of regenerating hematopoiesis 
in vivo present in the isolated population of blood cells 
can be further purified in order to increase the concen- 
tration of said cells. Said purification may be done by 
positive selection of CD34 positive cells. 15 
[0036] In another embodiment, the invention con- 
cerns a method of preparation of a donor of circulating 
cells, which cells are capable of regenerating hemat- 
opoiesis in vivo comprising the administration to said 
donor of a composition comprising growth hormone or 20 
one of its derivatives or any factor inducing growth hor- 
mone release in an amount sufficient to reduce the vol- 
ume of blood required to be processed in order to obtain 
the specified target number of circulating cells capable 
of regenerating hematopoiesis in vivo and/or to reduce 25 
the number of leukapheresis required to collect suffi- 
cient amount of circulating cells capable of regenerating 
hematopoiesis in vivo to be tranplanted. 
[0037] TTie volume of blood required to be proc- 
essed may be the volume of blood required to be proc- 30 
essed during the apheresis or leukapheresis procedure. 
[0038] In a further embodiment, the invention con- 
cerns a method for reducing the volume of blood 
required to be processed in order to obtain the specified 
target number of circulating cells capable of regenerat- 35 
ing hematopoiesis in vivo in a donor and/or for reducing 
the number of leukapheresis required to collect suffi- 
cient amount of circulating cells capable of regenerating 
hematopoiesis in vivo to be tranplanted by administra- 
tion of a composition comprising the growth hormone or 40 
one of its derivatives or any factor inducing the growth 
hormone release to said donor . 
[0039] The term "reduced" generally means in view 
of the invention that the "reduced" parameter (volume) 
has a value which Is inferior to the standard value of this 45 
parameter. 

[0040] The specified target number of circulating 
cells capable of regenerating hematopoiesis in vivo is at 
least 2x1 0 4 LTC-IC per kg of donor or recipient body, 
around or more than 2x1 0 6 CD34 + cells per kilogram of so 
donor or recipient body weight, around or more than 
4x1 0 6 CD34 + cells per kilogram of donor or recipient 
body weight or around or more than 8x1 0 6 CD34 + cells 
per kilogram of donor or recipient body weight. 
[0041] The required volume of blood may be com- 55 
prised in a range of about 30 to about 900 milliliters. In 
another embodiment, the invention relates to the follow- 
ing uses : 



413 At 10 

Use of growth hormone, one of its derivatives or 
any factor inducing growth hormone release to pre- 
pare a medicament for reducing the volume of 
blood required to be processed in order to obtain 
the specified target number of circulating cells 
capable of regenerating hematopoiesis in vivo. 
Use according to the preceding use wherein the 
specified target number of circulating cells capable 
of regenerating hematopoiesis in vivo is around or 
more than 2x1 0 4 LTC-IC per kg of donor or recipient 
body, around or more than 2x1 0 6 CD34 + cells per 
kilogram of donor or recipient body weight, around 
or more than 4x1 0 6 CD34 + cells per kilogram of 
donor or recipient body weight or around or more 
than 8x1 0 6 CD34 + cells per kilogram of donor or 
recipient body weight. 

Use according to any one of the two preceding uses 
wherein the required volume of blood is comprised 
in a range of about 30 to about 900 milliliters. 
Use according to any one of the preceding uses 
wherein the composition comprises further one or 
several compound chosen among the following 
groups of compounds : hematopoietic growth fac- 
tors, cytokines, chemokines, monoclonal antibod- 
ies. 

Use according to any one of the preceding uses 
wherein the cytokines group comprises IL-1, IL-3, 
G-CSF, GM-CSF or SCF ; the chemokines group 
comprises MIP-1a or thrombopoietin (TPO) ; the 
monoclonal antibodies group comprises anti-VLA-4 
antibodies. 

Use according to any one of the preceding uses 
wherein the composition comprises human Growth 
Hormone and G-CSF. 

Use according to any one of the two preceding uses 
wherein the G-CSF is administrated in an amount 
of 10ug per kilogram. 

Use according to any one of the two preceding uses 
wherein the administration is made by intravenous 
route. 

Use according to any one of the preceding uses 
wherein the administration is made by parenteral, 
subcutaneous, intravenous, intramuscular, intra- 
peritoneal, transdermal or buccal routes. 
Use according to any one of the preceding uses 
wherein the administration is daily. 
Use according to any one of the preceding uses 
wherein the administration is made over a period of 
5 days or over a period of 1 0 days. 
- Use according to any one of the preceding uses 
wherein the growth hormone is recombinant growth 
hormone. 

Use according to any one of the preceding uses 
wherein the growth hormone is human growth hor- 
mone. 

In this application : 

The term "circulating" may be replaced by the term 
"blood" or "peripheral blood". 
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The term "preparation" in the expression "method 
of preparation" may be replaced by "pre-treament" 
or by "preparation for blood extraction or leukapher- 
esis". 

A "donor" as recited in the methods or uses of the 5 
invention may be a human or an animal, a healthy 
or a sick individual (patient). Said animal is prefera- 
bly a mammal and may be chosen from domestic 
animals such as dogs, cats etc. or animals such as 
horses, cattle, sheep. 10 
- The term ( ( hematopoiesis )■> can mean the forma- 
tion of the blood cells. 

The term "Growth hormone" encompasses human 
growth hormone (hGH) and all the homologous pro- 
teins of human growth hormone of different species 15 
and all the homologs of human growth hormone in 
species other than human. Species other than 
human may. be any sort of domestic animal or horse 
for example. 

20 

[0042] In a preferred embodiment, growth hormone 
is human growth hormone. Human growth hormone 
(hGH), also known as somatotropin is a protein hor- 
mone produced and secreted by the somatotropic cells 
of the anterior pituitary. hGH plays a key role in somatic 25 
growth through its effects on the metabolism of proteins, 
carbohydrates and lipids. 

[0043] Human growth hormone is a single polypep- 
tide chain of 101 amino acids having two disulfide 
bonds, one between Cys-53 and Cys-165, forming a 30 
large loop in the molecule, and the other between Cys- 
182 and Cys-189, forming a small loop near the C-ter- 
minus. 

[0044] The term (< derivative )> in the expression 
< { derivatives of growth hormone ) ) signifies in the con- 35 
text of the invention, molecules which differ structurally 
from GH but which conserve the function of GH with 
respect to its direct or indirect effect on the metabolism 
of proteins, carbohydrates and lipids and/or its mobilisa- 
tion effect and/or recovery effect (i.e. <■( mobilization or 40 
peripheralisation of circulating cells capable of regener- 
ating hematopoiesis in vivo, increase of the number of 
circulating cells capable of regenerating hematopoiesis 
in vivo, reduction of the number of leukapheresis 
required to collect sufficient amount of circulating ceils 45 
for transplantation, reduction of the volume of blood 
required to be processed in order to obtain the specified 
target number of circulating cells capable of regenerat- 
ing hematopoiesis in vivo ))) 

[0045] Derivatives of human growth hormone so 
(hGH) included in the invention include naturally-occur- 
ring derivatives, variants and metabolic products, deg- 
radation products primarily of biosynthetic hGH and 
engineered derivatives of hGH produced by genetic 
methods. Any derivative of hGH can be used for the pur- 55 
pose of the present invention as long as it retains the 
biological activity of hGH in view of the invention. 
[0046] Examples of derivatives are splice variants, 
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oligomers, aggregates, proteolytic cleavage products, 
variants having substitutions, insertions or deletions of 
one or more amino acids etc. 
[0047] Methionyl hGH is an example of derivative of 
hGH which is produced through recombinant DNA tech- 
nology. This compound is actually a derivative of hGH 
having one additional methionine residue at its N-termi- 
nus (Goeddel et al., 1979). 

[0048] Another example of derivative of hGH is a 
naturally occurring variant of hGH called 20-K-hGH 
which has been reported to occur in the pituitary as well 
as in the bloodstream (Lewis et al, 1978 ; Lewis et al, 
1980). This compound, which lacks the 15 amino acid 
residues from Glu-32 to Gln-46, arises from an alterna- 
tive splicing of the messenger ribonucleic acid (DeNoto 
etal., 1981). 

[0049] Another example of derivative of hGH is 
acetylated at the N-terminus (Lewis et al., 1979). 
[0050] Human growth hormone may further be in a 
monomeric, dimeric and higher molecular weight oligo- 
meric form or in a mixture of said forms. 
[0051] Human growth hormone may be in aggre- 
gated forms found both in the pituitary and in the circu- 
lation (Stolar et al., 1984 ; Stolar and Baumann. 1986). 
[0052] The dimeric form of hGH may be of distinct 
types : 

a disulfide dimer connected through interchain 

disulfide bonds (Lewis et al., 1977), 

a covalent or irreversible dimer that is detected on 

sodium dodecylsulfate-polyacrylamide gels and 

that is not a disulfide dimer (Bewley and Li, 1975), 

and 

- a non-covalent dimer which is easily dissociated 
into monomeric hGH by treatment with agents that 
disrupt hydrophobic interactions in proteins (Becker 
etal., 1987), 

a dimeric complex with Zh 2+ (Cunningham et aL, 
1991). 

[0053] Scatchard analysis has revealed that two 
Zn 2+ ions associate per hGH dimer in a cooperative 
fashion, and this Zn 2+ -hGH dimeric complex was found 
to be more stable to denaturation than monomeric hGH 
(Cunningham et al. , 1 991 ). 

[0054] A number of derivatives of hGH arise from 
proteolytic modifications of the molecule. The primary 
pathway for the metabolism of hGH involves proteolysis. 
The region of hGH around residues 130-150 is 
extremely susceptible to proteolysis, and several deriv- 
atives of hGH having nicks or deletions in this region 
have been described (Thorlacius-Ussing, 1987). This 
region is in the large loop of hGH, and cleavage of a 
peptide bond there results in the generation of two 
chains that are connected through the disulfide bond at 
Cys-53 and Cys-165. Many of these two-chain forms 
are reported to have increased biological activity (Singh 
etal., 1974). 
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[0055] Many derivatives of human growth hormone 
have been generated artificially through the use of 
enzymes. The enzymes trypsin and subtilisin, as well as 
others, have been used to modify hGH at various points 
throughout the molecule (Lewis et al. t 1977). One such 
derivative, called two-chain anabolic protein (2-CAP), 
was formed through the controlled proteolysis of hGH 
using trypsin. 

[0056] Another example of derivative of hGH is 
deamidated hGH. Asparagine and glutamine residues 
in proteins are susceptible to deamidation reactions 
under appropriate conditions. An example of deami- 
dated hGH is pituitary hGH which has been shown to 
undergo this type of reaction, resulting in conversion of 
Asn-152 to aspartic acid and also, to a lesser extent, 
conversion of Gin- 137 to glutamic acid (Lewis et al., 
1981). Another example of deamidated hGH is Biosyn- 
thetic hGH which is known to degrade under certain 
storage conditions, resulting in deamidation at a differ- 
ent asparagine (Asn-149). This is the primary site of 
deamidation, but deamidation at Asn-152 is also seen 
(Becker et al., 1988). Deamidation at Gln-137 has not 
been reported in biosyrrthetic hGH. 
[0057] Another example of derivative of hGH is sul- 
foxide hGH. Methionine residues in proteins are sus- 
ceptible to oxidation, primarily to the sulfoxide. Both 
pituitary-derived and biosynthetic hGH undergo sulfoxi- 
dations at Met-14 and Met-125 (Becker et aL, 1988). 
Oxidation at Met-170 has also been reported in pituitary 
but not biosynthetic hGH. 

[0058] Another example of derivative of hGH is 
truncated forms of hGH which have been produced, 
either through the actions of enzymes or by genetic 
methods. 2-CAP, generated by the controlled actions of 
trypsin, has the first eight residues at the N-terminus of 
hGH removed. Other truncated versions of hGH have 
been produced by modifying the gene prior to expres- 
sion in a suitable host. The first 13 residues have been 
removed to yield a derivative having distinctive biologi- 
cal properties in which the polypeptide chain is not 
cleaved (Gertler et al., 1 986). 
[0059] hGH and its derivatives may be produced by 
recombinant DNA technology which permits production 
of an unlimited supply of hGH in a number of different 
systems. Purification of hGH or its derivatives from the 
culture medium is facilitated by low amounts of contam- 
inating proteins present. In fact, it has been shown that 
hGH can be purified on a laboratory scale by a single 
purification step on a reversed-phase HPLC column . 
[0060] Recombinant hGH is generally marketed as 
vials containing hGH plus additional excipients, e.g., 
glycine and mannitol, in a lyophilized form. A compan- 
ion diluent vial is provided, allowing the patient to recon- 
stitute the product to the desired concentration prior to 
administration of the dose. 

[0061] In general, no significant differences have 
been observed in the pharmacokinetics or biological 
activities of recombinant natural sequence hGH, recom- 



binant N-methionyt-hGH, or pituitary-derived material in 
humans (Moore et al., 1988 ; Jorgensen et al. , 1988). 
[0062] The human growth hormone as used in the 
present invention can include functional derivatives as 

5 noted above, as well as other types of derivatives, frag- 
ments, variants, analogs, or chemical derivatives. A 
functional derivative retains at least a portion of the 
amino acid sequence of hGH which permits its utility in 
accordance with the present invention, namely mobili- 

w zation of circulating cells capable of regenerating 
hematopoiesis in vivo for example. 
[0063] In the meaning of the invention, a < ( deriva- 
tive ) ) may be : 

15 - A "fragment" of the human growth hormone accord- 
ing to the present invention refers to any subset of 
the molecule, that is, a shorter peptide. 
A "variant" of the human growth hormone according 
to the present invention refers to a molecule which 

20 is substantially similar to either the entire peptide or 
a fragment thereof. Variant peptides may be con- 
veniently prepared by direct chemical synthesis of 
the variant peptide, using methods well known in 
the art. 

25 

[0064] Alternatively, amino acid variants of hGH can 
be prepared by mutations in the cDNA encoding the 
synthetized hGH derivatives. Such variants comprise 
deletions, insertions or substitution of residues within 

30 the amino acid sequence. Any combination of deletions, 
insertions, and subtitutions may also be made, provided 
that the final construct possesses the desired activity. 
[0065] At the genetic level, these variants ordinarily 
are prepared by site-directed mutageneis (as exempli- 

35 fied by (Adelman et al., 1 983)) of nucleotides in the DNA 
encoding the peptide molecule, thereby producing DNA 
encoding the variant, and thereafter expressing the 
DNA in recombinant cell culture. The variants typically 
exhibit the same biological activity as the non-variant 

40 peptide. 

An "analog" of human growth hormone according to 
the present invention refers to a non-natural mole- 
cule which is substantially similar to either the entire 

45 molecule or to an active fragment thereof. 

A "chemical derivative" of human growth hormone 
according to the present invention contains addi- 
tional chemical moieties not normally part of the 
human growth hormone derivative amino acid 

so sequence. Covalent modifications of the amino acid 
sequence are included within the scope of this 
invention. Such modifications may be introduced 
into the human growth hormone by reacting tar- 
geted amino acid residues of the peptide with an 

55 organic derivatizing agent that is capable of react- 
ing with selected side chains or terminal residues. 

[0066] The types of substitutions which may be 
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made in the human growth hormone according to the 
present invention may be based on analysis of the fre- 
quencies of amino acid changes between a homolo- 
gous protein of different species. Based upon such 
analysis, conservative substitutions may be defined 
herein as exchanges wjthin one of the following five 
groups : 

I : Small, aliphatic, nonpolar or slightly polar resi- 
dues : Ala, Ser, Thr, Pro, Gly 

II : Polar, negatively-charged residues and their 
amides : Asp, Asn, Glu, Gin 

III : Polar, positively-charged residues : His. Arg, 
Lys 

IV : Large, aliphatic non-polar residues : Met, Leu, 
He, Val, Cys 

V : Large aromatic residues : Phe, Try, Trp 

[0067] Within the foregoing groups, the following 
substitutions are considered to be "highly conservative" 



Asp/Glu 
His/Arg/Lys 

- Phe/Tyr/Trp 

- Met/Leu/lle/Val 

[0068] Semi-conservative substitutions are defined 
to be exchanges between two of groups (l)-(IV) above 
which are limited to supergroup (A), comprising (I), (II). 
and (III) above, or to supergroup (B), comprising (IV) 
and (V) above. Substitutions are not limited to the 
genetically encoded or even the naturally- occurring 
amino acids. When the epitope is prepared by peptide 
synthesis, the desired amino acid may be used directly. 
Alternatively, a genetically encoded amino acid may be 
modified by reacting it with an organic derivatizing agent 
that is capable of reacting with selected side chains or 
terminal residues. 

[0069] Cysteinyl residues most commonly are 
reacted with alpha- haloacetates (and corresponding 
amines), such as chloroacetic acid or chloroacetamide, 
to give carboxylmethyl or carboxyamidomethyl deriva- 
tives. Cysteinyl residues also are derivatized by reaction 
with bromotrif luoroacetone, alpha-bromo-beta-(5-imida- 
zoyl)propionic acid, chloroacetyl phosphate, N-alkyl- 
maleimides, 3-nitro-2-pyridyl disulfide, methyl-2-pyridyl 
disulfide, p-chloromercuribenzoate, 2-ch!oromercuri-4- 
nitrophenol, or chloro-7-nitrobenzo-2-oxa-1,3-diazole. 
[0070] Histidyl residues are derivatized by reaction 
with diethylprocarbonate at pH 5.5-7.0 because this 
agent is relatively specific for the histidyl side chain. 
Parabromophenacyl bromide is also useful ; the reac- 
tion is preferably performed in 0.1 M sodium cacodylate 
atpH6.0. 

[0071] Lysinyl and amino terminal residues are 
reacted with succinic or other carboxylic acid anhy- 
drides. Derivatization with these agents has the effect of 



reversing the charge of the lysinyl residues. Other suita- 
ble reagents for derivatizing alpha-amino acid-contain- 
ing residues include imidoesters such as methyl 
picolinimidate ; pyridoxal phosphate ; pyridoxal ; chlo- 

5 roborohydride; trinitrobenzenesulfonic acid ; O-methyl- 
iosurea ; 2,4-pentanedione ; and transaminase- 
catalyzed reaction with glyoxylate. 
[0072] Arginyl residues are modified by reaction 
with one or several conventional reagents, among them 

w phenylglyoxal ; 2,3- butanedione ; and ninhydrin. Deri- 
vatization of arginine residues requires that the reaction 
be performed in alkaline conditions because of the high 
pKa of the guanidine functional group. Furthermore, 
these reagents may react with the groups of lysine, as 

is well as the arginine epsilon-amino group. 

[0073] The specific modification of tyrosyl residues 
per se has been studied extensively, with particular 
interest in introducing spectral labels into tyrosyl resi- 
dues by reaction with aromatic diazonium compounds 

20 or tetranitromethane. Most commonly, N-acetyli imida- 
zole and tetranitromethane are used to form O-acetyl 
tyrosyl species and e-nitro derivatives, respectively 
[0074] Carboxyl side groups (aspartyl or glutamyl) 
are selectively modified by reaction with carbodiimides 

25 (RN-C-N-R') such as 1-cyclohexyl-3-[2-morpholinyl-(4- 
ethyl)]carbodiimide or 1-ethyl-3-(4-azonia-4,4-dimethyl- 
pentyl)carbodiimide. Furthermore, aspartyl and 
glutamyl residues are converted to asparaginyl and 
glutaminyl residues by reaction with ammonium ions. 

30 [0075] Glutaminyl and asparaginyl residues are fre- 
quently deamidated to the corresponding glutamyl and 
aspartyl residues. Alternatively, these residues are 
deamidated under mildly acidic conditions. Either form 
of these residues falls within the scope of this invention. 

35 [0076] While the present invention may be carried 
out with recombinant human growth hormone deriva- 
tives made by recombinant DNA technology, for 
instance in procaryotic or eucaryotic cells, these deriva- 
tives can also be made by conventional protein synthe- 

40 sis methods which are well known to those skilled in the 
art. 

[0077] Growth hormone may be a protein, a pep- 
tide, a DNA molecule, a RNA molecule. DNA molecule 
and RNA molecule may encode hGH and all its deriva- 
45 tives including those recited above. 

[0078] Growth hormone may preferably be recom- 
binant growth hormone. 

[0079] Determination of amounts of growth hor- 
mone, of one of its derivatives or of any factor inducing 

so growth hormone release one of its derivatives or of any 
factor inducing growth hormone release to be adminis- 
tered is within the skill of the art. 
[0080] Typical dosage of growth hormone, of one of 
its derivatives or of any factor inducing growth hormone 

55 release will start at about 1 microgram per kilogram of 
the patient weight per day and dose will be escalated 
until the desired effect (mobilization or peripheralisation 
of circulating cells capable of regenerating hematopoie- 
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sis in vivo, increase of the number of circulating cells 
capable of regenerating hematopoiesis in vivo, reduc- 
tion of the number of leukapheresis required to collect 
sufficient amount of circulating cells for transplantation, 
reduction of the volume of blood required to be proc- 
essed in order to obtain the specified target number of 
circulating celts capable of regenerating hematopoiesis 
in vivo) is reached. 

[0081 ] The dosage of growth hormone, of one of its 
derivatives or of any factor inducing growth hormone 
release administered depends upon the age, sex, 
health and weight of the donor, type of previous or con- 
current treatment, if any, frequency of the treatment and 
the nature of the effect desired. 
[0082] The total dose required for each treatment 
may be administered in multiple or single dose. 
[0083] Growth hormone may be administered alone 
or in conjunction with other factors. 
[0084] Growth hormone or its derivatives or any fac- 
tor inducing growth hormone release may advanta- 
geously be present in a composition which comprises 
further one or several compound(s) chosen among the 
compounds belonging to the following groups : hemat- 
opoietic growth factors, cytokines, chemokines, mono- 
clonal antibodies. 

[0085] The cytokine group can comprise IL-1.IL-3, 
G-CSF, GM-CSF or SCR The chemokine group can 
comprise MIP-1a or thrombopoietin (TPO). The mono- 
clonal antibody group can comprise anti-VLA-4 antibod- 
ies. 

[0086] Growth hormone or its derivatives or any fac- 
tor inducing growth hormone release may advanta- 
geously be present in a composition which comprises 
granulocyte colony stimulating factor (G-CSF). 
[0087] The G-CSF may be administered in an 
amount of 1 0^g per kilogram of body weight. 
[0088] The pharmaceutical compositions or compo- 
sitions which are used in the methods and uses of the 
invention can comprise growth hormone or one of its 
derivatives or any factor inducing growth hormone 
release in a pharmaceutical acceptable form optionally 
combined with an acceptable carrier. 
[0089] These compositions can be administered by 
any means that achieve their intended purposes. 
[0090] The composition comprising growth hor- 
mone or its derivatives or any factor inducing growth 
hormone release may be administered alone or in con- 
junction with other therapeutics directed to a disease or 
directed to other symptoms thereof. 
[0091] The composition comprising growth hor- 
mone or one of its derivatives or any factor inducing 
growth hormone release may be administered by the 
intravenous route. 

[0092] After intravenous administration, the elimina- 
tion of hGH is described by first-order kinetics with a 
serum half -life of 12- 30 minutes in both animals and 
humans (Moore et al., 1988; Hendricks et al., 1985). 
Traditionally, intramuscular injection has been the 
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method of choice as the preferred route of delivery. In 
humans, absorption of exogenous hGH appears to be 
more rapid from the intramuscular site, with a time to 
maximum concentration of two to three hours, com- 

5 pared to four to six hours after subcutaneous adminis- 
tration. The disappearance phase from serum has been 
reported to range from 12-20 hours for intramuscular 
administration, and 20-24 hours after subcutaneous 
administration (Albertsson-Wikland et al., 1986; Jor- 

w gensen et al., 1987). 

[0093] The composition comprising growth hor- 
mone or one of its derivatives or any factor inducing 
growth hormone release may be administered by 
parenteral routes such as subcutaneous, intravenous, 

is intramuscular, intraperitoneal, or transdermal route or 
by mucosal routes such as buccal or oral route. 
[0094] The composition comprising growth hor- 
mone or one of its derivatives or any factor inducing 
growth hormone release may be administered daily. 

20 [0095] The composition comprising growth hor- 
mone or one of its derivatives or any factor inducing 
growth hormone release may be a daily administration 
that can start up to 20 days pre- leukapheresis. 
[0096] The composition comprising growth hor- 

25 mone or one of its derivatives or any factor inducing 
growth hormone release may be administered over a 
period of 5 days or over a period of 10 days. 
[0097] Methods and uses of the invention may be 
combined with a prior treatment called ( ( chemopriming 

30 )). The <{ chemopriming >> regimens which may be 
used are : 

high-dose cyclophosphamide (4 g/m 2 ) for patients 
with breast cancer or multiple myeloma, 
35 - ifosfamide, etoposide for patients with non-Hodg- 
kin's lymphoma or Hodgkin's disease, 
cyclophosphamide, etoposide, cisplatin (CVP) for 
patients with solid tumors (e.g., breast cancer). 

40 [0098] To enhance the induction of a celts capable 
of regenerating hematopoiesis in vivo rebound, meth- 
ods and uses of the invention are started shortly after 
completion of chemopriming treatment and continued 
until completion of apheresis (5 to 12 jig/kg/d). 

45 [0099] It is also noteworthy that in patients whose 
marrow stem cell pool is significantly diminished by prior 
chemotherapy, an additional chemopriming regimen 
might impair rather than induce cells capable of regen- 
erating hematopoiesis in vivo peripheralization. Stem 

so cells toxic chemotherapeutic agents such as busulfan, 
doxorubucin, melphalan, thiotepa and possibly fludara- 
bine (and others) should not be part of a chemopriming 
regimen. On the other hand, cyclophosphamide is con- 
sidered the ideal chemopriming drug with the least cells 

55 capable of regenerating hematopoiesis in vivo toxicity, 
although cardiotoxicity (dose > 4g/m 2 ) and hemorrhagic 
cystitis are the well-known dose-limiting extramedullary 
side effects (Shepperd et at., 1990). 
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[0100] The population of blood cells enriched with 
ceils capable of regenerating hematopoiesis in vivo 
obtained from the peripheral blood by the methods and 
uses of the invention can be re-infused, grafted or trans- 
planted into the same individual which is in this case the 
donor (autologous transplantation) or into different indi- 
viduals (nonautologous transplantation). 
[0101] Said operation of re- infusion, engraftment or 
transplantation belongs to the so-called Hematopoietic 
Stem Cells Transplantation (HSCT) procedures. HSCT 
is a clinical procedure in which cells capable of regener- 
ating hematopoiesis in vivo, obtained from bone marrow 
or peripheral blood, are transplanted to a patient 
[01 02] An autologous transplantation is a transplan- 
tation in which donor and recipient are the same individ- 
ual whereas a nonautologous transplantation is a 
transplantation in which donor and recipient are differ- 
ent individuals. The method of the invention encom- 
passes both autologous and non-autologous 
transplantation. 

[0103] In a second part, the invention provides new 
uses for enhancing hematopoietic reconstitute. The 
invention relates to an agent capable of promoting, 
enhancing or accelerating the hematopoietic regenera- 
tion, recovery or reconstitution. The invention provides 
new uses for enhancing hematopoietic reconstitution. 
[0104] Thus, the invention relates to the use of 
human growth hormone or one of its derivatives or any 
factor inducing human growth hormone release to pre- 
pare a medicament for enhancing hematopoietic recon- 
stitution, in a human being. 

[0105] Throughout the application, the term 
((enhancing ))and all terms having the same root 
may be replaced by the term ( ( promoting )) or by the 
term (( accelerating )). 

[0106] Throughout the application, the term 
(( reconstitution )) and all terms having the same root 
may be replaced by the term ( ( recovery ) ) or by the 
term (( regeneration >). 

[01 07] In another embodiment, the invention relates 
to the use of human growth hormone or one of its deriv- 
atives or any factor inducing human growth hormone 
release to prepare a medicament for enhancing hemat- 
opoietic reconstitution following bone marrow transplan- 
tation in a human being. 

[01 08] In another embodiment, the invention relates 
to the use of human growth hormone or one of its derive 
atives or any factor inducing human growth hormone 
release to prepare a medicament for enhancing engraft- 
ment of bone marrow or cells capable of regenerating 
hematopoiesis in vivo in a human being. 
[0109] Another embodiment of the invention is the 
use of growth hormone or one of its derivatives or any 
factor inducing growth hormone release to prepare a 
medicament for enhancing hematopoietic reconstitution 
after transplantation of cells capable of regenerating 
hematopoiesis in vivo. 

[0110] In a further embodiment, the invention 



relates to the use of growth hormone or one of its deriv- 
atives or any factor inducing growth hormone release to 
prepare a medicament for enhancing engraftment of 
cells capable of regenerating hematopoiesis in vivo. 
5 [0111] Growth hormone may advantageously be 
human growth hormone. 

[01 1 2] Growth hormone and its derivatives may cor- 
respond to growth hormone and its derivatives which 
are recited above in this application in connection with 

10 the first part of the invention. 

[0113] The hematopoietic reconstitution or the 
enhanced engraftment may be detected by an increase 
of the peripheral White Blood Cell (WBC) count and/or 
granulocytes count and/or lymphocytes count and/or 

15 platelet count and/or erythrocyte count. 

[0114] An increase of the peripheral White Blood 
Cell (WBC) count and/or granulocytes count and/or lym- 
phocytes count and/or platelet count and/or erythrocyte 
count may be detected by comparison with the rate of 

20 increase of said counts in an individual who has 
received the same transplantation regimen but who has 
not received any hematopoietic reconstitution treat- 
ment. 

[0115] The hematopoietic reconstitution or the 

25 enhanced engraftment may be detected by reduction of 
the period of time necessary to recover a normal or 
standard peripheral White Blood Cell (WBC) count 
and/or granulocytes count and/or neutrophil count 
and/or lymphocytes count and/or platelet count and/or 

30 erythrocyte count. 

[01 16] A normal or standard peripheral White Blood 
Cell (WBC) count and/or granulocytes count and/or 
neutrophil count and/or lymphocytes count and/or plate- 
let count and/or erythrocyte count is the one which is 

35 measured in a healthy individual or in an individual 
which has not received any myeloablative or myelosup- 
pressive therapy or any transplantation. 
[01 1 7] A normal neutrophil count may be at least 
0.5x1 0 9 neutrophil cells per liter of peripheral blood. 

40 [0118] A normal platelet count may be at least 
20x1 0 9 per liter of peripheral blood. 
[01 1 9] The hematopoietic reconstitution or enhanc- 
ing engrafment may be detected by a reduction of the 
extent and/or duration of neutropenia and/or thrombo- 

45 cytopenia and/or anemia and/or hemorrhages and/or 
duration of prophylaxis. 

[0120] The hematopoietic reconstitution or the 
enhancing engrafment may be detected by a reduction 
of the duration and/or severity of fever and/or infections. 

so [0121] A reduction of the extent and/or duration of 
neutropenia and/or thrombocytopenia and/or anemia 
and/or hemorrhages and/or duration of prophylaxis or a 
reduction of the duration and/or severity of fever and/or 
infections may be compared with said extent and/or 

55 duration and/or severity measured in an individual who 
has received the same transplantation regimen but who 
has not received any hematopoietic reconstitution treat- 
ment. 



11 



21 EP 1016 413 A1 22 



[0122] The hematopoietic reconstitution or the 
enhancing engrafment may be detected by a recovery 
of granulocytes which is at least 1 000 per microliter of 
peripheral blood. 

[0123] The hematopoietic reconstitution or the 
enhancing engrafment may be detected by a recovery 
of platelet count which is at least 50,000 per microliter of 
peripheral blood. 

[0124] In another embodiment, the invention relates 
to the use of growth hormone or one of its derivatives or 
any factor inducing growth hormone release to prepare 
a medicament for treating a neoplastic disease, an 
hematological disorder, malignancies, Severe Com- 
bined Immune Deficiencies (SCIDs), congenitally or 
genetically determined hematopoietic abnormalities, 
anemia, aplastic anemia, leukemia and/or osteopetro- 
sis. A neoplastic disease may be breast cancer. 
[0125] In another embodiment, the invention relates 
to the use of growth hormone or one of its derivatives or 
any factor inducing growth hormone release to prepare 
a medicament for reducing the bone marrow aplasia 
period which follows transplantation, for preventing or 
treating opportunistic infections after transplantation or 
for limiting the risk of tumor recurrence after transplan- 
tation. 

[0126] In a further embodiment, the invention 
relates to the use of growth hormone or one of its deriv- 
atives or any factor inducing growth hormone release to 
prepare a medicament for preventing or treating sec- 
ondary effects of myelosuppressive therapy and/or radi- 
otherapy and/or chemotherapy. 
[0127] In a further embodiment, the invention 
relates to the use of growth hormone or one of its deriv- 
atives or any factor inducing growth hormone release to 
prepare a medicament for preventing or treating neutro- 
penia and/or thrombocytopenia. 
[0128] In a further embodiment, the invention 
relates to the use of growth hormone or one of its deriv- 
atives or any factor inducing growth hormone release to 
prepare a medicament for preventing or treating anemia 
following radiotherapy and/or chemotherapy and /or 
hematopoietic stem cells transplantation and/or trans- 
plantation of cells capable of regenerating hematopoie- 
sis and/or Bone marrow transplantation. 
[0129] In a further embodiment, the invention 
relates to the use of growth hormone or one of its deriv- 
atives or any factor inducing growth hormone release to 
prepare a medicament for preventing or treating neutro- 
penia, following radiotherapy and/or chemotherapy and 
/or hematopoietic stem cells transplantation and/or 
transplantation of cells capable of regenerating hemat- 
opoiesis and/or Bone marrow transplantation. 
[0130] In a further embodiment, the invention 
relates to the use of growth hormone or one of its deriv- 
atives or any factor inducing growth hormone release to 
prepare a medicament for preventing or treating throm- 
bocytopenia, following radiotherapy and/or chemother- 
apy and /or hematopoietic stem cells transplantation 



and/or transplantation of cells capable of regenerating 
hematopoiesis and/or Bone marrow transplantation. 
[0131] The cells capable of regenerating hemat- 
opoiesis in vivo may belong to one or several of the fbl- 

5 lowing groups of cells : CD34 + cells, CD34 + CD33 + cells, 
CD34+CD38' cells, CD34 + Thy-I cells, CD34 + Thy- 
ICD38"cells, CD33 + cells, stem cells, progenitor cells, 
long-term culture initiating cells (LTC-IC), cells that fulfill 
self renewal potential, cells that fulfill pluripotential char- 

10 act eristics, cells that initiate long term bone marrow cul- 
ture. 

[0132] Determination of amounts of growth hor- 
mone, of one of its derivatives or of any factor inducing 
growth hormone release one of its derivatives or of any 

is factor inducing growth hormone release to be adminis- 
tered is within the skill of the art. 
[01 33] Typical dosage of growth hormone, of one of 
its derivatives or of any factor inducing growth hormone 
release will start at about 1 micrograms per kilogram of 

20 the patient weight per day and dose will be escalated 
until the desired effect (mobilization or peripheralisation 
of circulating cells capable of regenerating hematopoie- 
sis in vivo, increase in said donor of the number of circu- 
lating cells capable of regenerating hematopoiesis in 

25 vivo, reduction of the number of leukapheresis required 
to collect sufficient amount of circulating cells for trans- 
plantation, reduction of the volume of blood required to 
be processed in order to obtain the specified target 
number of circulating cells capable of regenerating 

30 hematopoiesis in vivo) is reached. 

[01 34] The dosage of growth hormone, of one of its 
derivatives or of any factor inducing growth hormone 
release administered depends upon the age, sex, 
health and weight of the donor, type of previous or con- 

35 current treatment, if any, frequency of the treatment and 
the nature of the effect desired. 
[0135] The total dose required for each treatment 
may be administered in multiple or single dose. 
[0136] The medicament may comprise further one 

40 or several compound(s) chosen among the following 
groups of compounds : hematopoietic growth factors, 
cytokines, chemokines, monoclonal antibodies. 
[0137] The cytokines group comprises IL-1 ,IL-3, IL- 
6, IL-1 1 , Insulin-like growth factor 1 (IGF-1), G-CSF, 

45 GM-CSF or SCF. The chemokines group comprises 
MIP-1a and thrombopoietin (TPO). The monoclonal 
antibodies group comprises anti-VLA-4 antibodies. 
[01 38] The medicament may comprise Growth Hor- 
mone and G-CSF. 

so [01 39] G-CSF may be administered in an amount of 
10ng per kilogram of body weight. 
[0140] The administration of the medicament may 
be made by intravenous route. 
[0141] The administration of the medicament may 

55 be made by parenteral routes such as the subcutane- 
ous, intravenous, intramuscular, intraperitoneal, 
transdermal route or by mucosal routes such as the 
buccal or oral route. 
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[0142] The administration of the medicament may 
be made daily. 

[0143] The administration of the medicament may 
be made over a period of 3 days along. 
[0144] The administration of the medicament may 
be made from day 1 to day 3 after transplantation. 
[0145] The term << transplantation )) encom- 
passes bone marrow transplantation or hematopoietic 
stem cells transplantation. 

[0146] Growth hormone used in the medicament 
may advantageously be recombinant growth hormone. 
[0147] Growth hormone used in the medicament 
may advantageously be human growth hormone. 
[0148] In a third part, the invention provides a com- 
bination of the methods and uses of the first part of the 
invention (mobilisation) with the methods and uses of 
the second part of the invention (recovery). 
[0149] Said combination methods and uses are 
mobilisation and recovery methods which may be 
applied in cases autologous transplantation of hemat- 
opoietic stem cells wherein the donor and the recipient 
is the same person or individual. Thus, growth hormone 
or one of its derivatives or any factor inducing growth 
hormone release can be used as a mobilising agent in a 
first mobilisation step which is a pre-treatment in view of 
bfood cells extraction and as an hematopoietic recovery 
agent in a second step following transplantation. 
[0150] Said combination methods and uses are 
very useful. In fact, transplantation of cells mobilized by 
growth hormone or one of its derivatives or any factor 
inducing growth hormone release to a patient results in 
faster haematological recovery than transplantation 
without a prior mobilization treatment of said patient. 
[01 51 ] All methods and uses of the invention can be 
applied in at least three clinically important fields, 
namely autologous bone marrow transplantation, allo- 
geneic bone marrow transplantation, and gene therapy. 

Examples 

Abbreviations and notes : 



[0152] 

- BFU-E : 

- CFU-C : 

- CFU-GM : 

- CFU-Meg : 

- G-CSF : 

- lGF-l : 

- LTC-IC : 

- HGH : 

- RhG-CSF : 

- RhGH : 



burst forming unit, erythroid 

colony forming unit, culture 

colony forming unit, granulocyte and 

macrophage 

colony forming unit, megakaryocyte 

granulocyte colony stimulating factor 

insulin growth factor l 

long term culture initiating cell 

human growth hormone 

recombinant human granulocyte colony 

stimulating factor 

recombinant human growth hormone 



Example 1 : Mobilization activity of hGH studied in a 
murine preclinical model 

[0153] BALB/c mice are given 10pL intraperitoneal 
5 injections of rhGH every day for total of 10 days. The 
total CFU-C or BFU-E activity circulating in the periph- 
eral blood on day 5 and day 10, respectively, is deter- 
mined according to standard in vitro culture techniques, 
and compared with : 

w 

(i) steady-state pretreatment levels, 

(ii) absolute CFU-C and BFU-E counts on day 3 
and day 5, respectively following treatment with 
rhG-CSF given intraperitoneally at 10u.L every day 

15 for 5 consecutive days. 

Example 2 : Selection criteria for the mobilization 
and recovery clinical studies 

20 A) Inclusion criteria : 

[0154] 

Written informed consent 
25 - Age 18 years and 60 years 

Histologically confirmed high-risk cancer (lym- 
phome cancer) undergoing high-dose chemother- 
apy according to current INT guidelines. 

30 B) Exclusion criteria : 

[0155] 

Patients heavily pretreated with chemotherapy 
35 courses of chemotherapy) and/or radiotherapy. 

Renal (creatinine > 1,5 N), or hepatic insuff Science 

and/or SGPT > 2,5 N ; bilirubin > 1,5 N), or severe 

CNS or psychiatric disease. 

Clinically significant cardiac disease or myocardiac. 
40 Left ventricular ejection fraction < 50% at rest by 

echocardiography assessment or < 55% by isotopic 

measurement. 

Hepatitis B or C, or HIV test positive. 

45 Example 3 : Baseline study procedure for the mobi- 
lization and recovery clinical studies 

[0156] Several parameters are studied during the 
mobilisation and recovery clinical studies : 

50 • 

Complete medical history, physical examination, 
cardiac examination, left ventricular ejection frac- 
tion (LVEF) by multigated scintigraphic scan or ech- 
ography, chest X-ray 
55' - Pregnancy test (if applicable) 
- HBV, HCV and HIV test 

Complete blood count with differential 

Absolute counts of circulating CD34 + cells and CFU 
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Blood chemistry (transaminases, serum phos- 
phatase, gammaGT, LDH, total bilirubin, BUN, cre- 
atinine, glycemia, Na, K, Ca, P, uric acid, total 
protein, albumin, cholesterol, triglycerides 

- Bilateral bone marrow biopsy 
Informed consent 

Example 4 : Main parameters of toxicity for the 
mobilization and recovery clinical studies 

[0157] 

Tumor growth (mobilization study only) 

Clinical and instrumental symptoms 

Laboratory tests for cardiac, liver and renal function 

Example 5 : Mobilization clinical study 

A) Objectives of the mobilization clinical study 
[0158] 

- To assess the activity of rhGH in : 

(i) increasing circulating CD34 + cells, and 

(ii) expanding the bone marrow hematopoietic 
compartment, so to allow an enhanced mobili- 
zation by subsequent rhG-CSF administration 

- To assess the safety and tolerability of rhGH, given 
with rhG-CSF to cancer patients following chemo- 
therapy (hematologic recovery study). 

B^ Treatment plan 

Mobilization study with rhGH : 

[0159] 

- rhGH is administered from day 1 to 10 by the intra- 
venous route. Dosage of rhGH is started at about 1 
micrograms per kilogram of the patient weight per 
day and dose will be escalated until the desired 
effect (mobilization or peripheral isation of circulat- 
ing cells capable of regenerating hematopoiesis in 
vivo, increase in said donor of the number of circu- 
lating cells capable of regenerating hematopoiesis 
in vivo, reduction of the number of leukapheresis 
required to collect sufficient amount of circulating 
cells for transplantation, reduction of the volume of 
blood required to be processed in order to obtain 
the specified target number of circulating cells 
capable of regenerating hematopoiesis in vivo) is 
reached.xx jag/kg QD, iv) 



Mobilization study with rhGH and rhG-CSF : 
[0160] 

5 - rhGH administration : rhGH is administered from 
day 1 to 5 by the intravenous route. Dosage of rhGH 
is started at about 1 micrograms per kilogram of the 
patient weight per day and dose will be escalated 
until the desired effect (mobilization or peripherali- 

10 sation of circulating cells capable of regenerating 
hematopoiesis in vivo, increase in said donor of the 
number of circulating cells capable of regenerating 
hematopoiesis in vivo, reduction of the number of 
leukapheresis required to collect sufficient amount 

15 of circulating cells for transplantation, reduction of 
the volume of blood required to be processed in 
order to obtain the specified target number of circu- 
lating cells capable of regenerating hematopoiesis 
in vivo) is reached. 

20 - rhG-CSF administration (10 iig/kg QD, iv) from 
completion of CD34 + cell harvest (target cell dose 
is 8 X 1 0e 6 CD34 + cells/kg body weight) . 

C) Main parameters of activity 

25 

[0161] Starting from day +6, the following parame- 
ters are assessed : 

Absolute CD34 + cell counts/^iL (daily in the periph- 
30 ery and once in the leukapheresed cells) 

- Absolute CFU-GM counts/^L (daily in the periphery 
and once in the leukapheresed cells) 

Stud y procedure 

35 

[0162] 

- Daily assessment of CD34 + cells4il_ and CFU-GM 
peripheral blood, from day +5 until leukapheresis. 

40 - Total yield of CD34 + cells, CFU-GM, BFU-E, CFU 
IC in leukapheresed cells. 
Toxicity assess through clinical and in examinations 
(EKG, chest X-ray, and other examinations as 
required). 

45 - Measurement and evaluation of all tumor parame- 
ters ending the mobilization study 

Example 6 : Recovery clinical study 

so A) Objectives of the recovery clinical study 
' [0163] 

To assess the ability of rhGH, given alone or in 
55 combination to hasten the recovery of WBC, RBC 
and platelets in the peripheral blood of cancer 
patients treated with high -dose chemotherapy and 
peripheral blood stem-cell autografting. 
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To assess the safety and tolerability of rhGH, given 
with rhG-CSF to cancer patients following chemo- 
therapy. 

Treatment plan s 
[0164] 

Administration of high-dose chemotherapy, fol- 
lowed by infusion on day 0 of an optimal amount 10 
(i.e. 8X1 Oe 6 CD34 + cells/kg) of crypreserved cells 
harvested in the mobilization study. 

- Co-administration (iv) of rhGH and rhG-CSF ng/kg 
QD, iv) from day 1 until stable (i.e. for three consec- 
utive days) recovery of granulocytes above 1 OOOjiL, is 
and platelet counts above 50,000/|iL 

C) Main parameters of activity 

[01 65] Starting from day +0, and until full and stable 20 
recovery, the following parameters will be assessed : 

- Absolute granulocyte counts/^iL (daily) 
Absolute platelet counts/jiL (daily) 

- Absolute erythrocyte counts/^iL (daily) 25 
Granulocyte nadir 

Platelet nadir 

Extent and duration of neutropenia 

Extent and duration of thrombocytopenia 

Extent and duration of hematopoietic support tran- 30 

fusions. RBC transfusions) 

Duration of infectious prophylaxis, and infections 

Hemorrhages 

D) Study procedure & 
[0166] 

- Daily assessment of WBC, RBC and platelet count 
Number of platelet transfusions <*o 
Number of RBC transfusions 

Type and severity of fever and documented infec- 
tion 

Clinical and instrumental assessment of toxicities 
hematological 
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Claims 

1 . Method of preparation of a population of circulating 
cells capable of regenerating hematopoiesis in vivo 
comprising : 

a) administering to a donor a composition com- 
prising growth hormone or one of its derivatives 
or any factor inducing growth hormone release 
in an amount sufficient to increase in said 
donor the number of circulating cells capable of 
regenerating hematopoiesis in vivo. 

b) isolating a population of circulating cells 
capable of regenerating hematopoiesis in vivo 
from the peripheral blood of said donor. 

2. Method of preparation of a donor of circulating 
cells, which cells are capable of regenerating 
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hematopoiesis in vivo comprising the administra- 
tion to said donor of a composition comprising 
growth hormone or one of its derivatives or any fac- 
tor inducing the growth hormone release in an 
amount sufficient to the number of circulating cells 
capable of regenerating hematopoiesis in vivo in 
said donor. 

3. Method for increasing the number of circulating 
cells capable of regenerating hematopoiesis in vivo 
in a donor by administration of a composition com- 
prising the growth hormone or one of its derivatives 
or any factor inducing the growth hormone release 
to said donor. 

4. Method according to any one of the preceding 
claims wherein the circulating cells capable of 
regenerating hematopoiesis in vivo are CD34 + 
cells. 

5. Method according to claim 4 wherein the increased 
number of CD34 + cells is more than 10 CD34 + cells 
per microliter of peripheral blood. 



25 6. Method according to any one of the preceding 
claims wherein the increased number of CD34 + 
cells is at least 2x1 0 6 CD34 + cells per kilogram of 
recipient body weight, or at least 4x1 0 6 CD34 + cells 
per kilogram of recipient body weight or at least 

30 8x1 0 6 CD34 + cells per kilogram of recipient body 
weight. 

7. Method according to any one of the preceding 
claims wherein the increased number of CD34 + 
35 cells is at least 2x1 0 6 CD34 + cells per kilogram of 
donor body weight, at least 4x1 0 6 CD34+ cells per 
kilogram of donor body weight or at least 8x1 0 6 
CD34 + cells per kilogram of donor body weight. 

40 8. Method according to any one of the preceding 
claims wherein the increased number of circulating 
cells capable of regenerating hematopoiesis in vivo 
corresponds to around or more than 1x10 5 GM- 
CFC per kilogram of donor or recipient body weight. 
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9. Method according to any one of the preceding 
claims wherein the increased number of circulating 
cells capable of regenerating hematopoiesis in vivo 
corresponds to around or more than 500 CFU-GM 
per milliliter of peripheral blood. 

10. Method according to to any one of the preceding 
claims wherein the increased number of circulating 
cells capable of regenerating hematopoiesis in vivo 
corresponds to an increased level of CFU-C, CFU- 
Meg or BFU-E. 

11. Method according to any one of the preceding 
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claims wherein the increased number of circulating 
cells capable of regenerating hematopoiesis in vivo 
substantially corresponds to a white blood cell 
count of around or more than 1000 cells per micro- 
liter of peripheral blood. 

12. Method according to any one of the preceding 
claims wherein the circulating cells capable of 
regenerating hematopoiesis in vivo are 
CD34 + /CD33 + cells and/or CD34 + /CD38" cells 
and/or CD34 + /Thy-I cells and/or CD34 + /Thy- 
I/CD38" cells and/or CD33 + cells and/or bone-mar- 
row stem cells and/or progenitor cells and/or long- 
term culture initiating cells (LTC-IC) and/or cells 
that fulfill self renewal potential and/or cells that ful- 
fill pluripotentiai characteristics and/or cells that ini- 
tiate long term bone marrow culture and/or cells 
that can generate multiple cell lineages. 

1 3. Method of preparation of a population of circulating 
cells capable of regenerating hematopoiesis in vivo 
comprising : 

a) administering to a donor a composition com- 
prising growth hormone or one of its derivatives 
or any factor inducing growth hormone release 
in an amount sufficient to reduce the volume of 
blood required to be processed in order to 
obtain the specified target number of circulat- 
ing cells capable of regenerating hematopoie- 
sis in vivo. 

b) isolating said reduced volume of blood 

c) isolating a population of circulating cells 
capable of regenerating hematopoiesis in vivo 
from said isolated volume. 

14. Method of preparation of a donor of circulating 
cells, which cells are capable of regenerating 
hematopoiesis in vivo comprising the administra- 
tion to said donor of a composition comprising 
growth hormone or one of its derivatives or any fac- 
tor inducing growth hormone release in an amount 
sufficient to reduce the volume of blood required to 
be processed in order to obtain the specified target 
number of circulating cells capable of regenerating 
hematopoiesis in vivo and/or to reduce the number 
of leukapheresis required to collect sufficient 
amount of circulating cells capable of regenerating 
hematopoiesis in vivo to be tranplanted. 

1 5. Method for reducing the volume of blood required to 
be processed in order to obtain the specified target 
number of circulating cells capable of regenerating 
hematopoiesis in vivo in a donor and/or for reducing 
the number of leukapheresis required to collect suf- 
ficient amount of circulating cells capable of regen- 
erating hematopoiesis in vivo to be tranplanted by 
administration of a composition comprising the 
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growth hormone or one of its derivatives or any fac- 
tor inducing the growth hormone release to said 
donor . 

5 16. Method according to any one of the preceding 
daims wherein the specified target number of circu- 
lating cells capable of regenerating hematopoiesis 
in vivo is at least 2x1 0 4 LTC-IC per kg of donor or 
recipient body, around or more than 2x1 0 6 CD34 + 

w cells per kilogram of donor or recipient body weight, 
around or more than 4x1 0 6 CD34 + cells per kilo- 
gram of donor or recipient body weight or around or 
more than 8x1 0 6 CD34 + cells per kilogram of donor 
or recipient body weight. 

15 

17. Method according to any one of the preceding 
claims wherein the required volume of blood is 
comprised in a range of about 30 to about 900 mil- 
liliters. 

20 ' . 

18. Method according to any one of the preceding 
claims wherein the composition comprises further 
one or several compound chosen among the follow- 
ing groups of compounds : hematopoietic growth 

25 factors, cytokines, chemokines, monoclonal anti- 
bodies. 

19. Method according to any one of the preceding 
claims wherein the cytokine group comprises IL- 

30 1.IL-3, G-CSF, GM-CSF or SCF ; the chemokine 
group comprises MIP-1ct or thrombopoietin (TPO) ; 
the monoclonal antibody group comprises anti- 
VLA-4 antibodies. 

35 20. Method according to any one of the preceding 
claims wherein the composition comprises Growth 
Hormone and G-CSF 

21 . Method according to claims 1 9 or 20 wherein the G- 
40 CSF is administered in ah amount of 10^g per kilo- 
gram of body weight. 

22. Method according to any one of the preceding 
claims wherein the administration is made by the 

45 intravenous route. 

23. Method according to any one of the preceding 
claims wherein the administration is made by 
parenteral, subcutaneous, intravenous, intramuscu- 

so lar, intraperitoneal, transdermal or buccal routes. 

24. Method according to any one of the preceding pre- 
vious claims wherein the administration is daily. 

55 25. Method according to any one of the preceding 
claims wherein the administration is made over a 
period of 5 days or over a period of 10 days. 
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26. Method according to any one of the preceding 
claims wherein the growth hormone is recombinant 
growth hormone. 

27. Method according to any one of the preceding 
claims wherein the growth hormone is human 
growth hormone. 

28. Use of human growth hormone or one of its deriva- 
tives or any factor inducing human growth hormone 
release to prepare a medicament for enhancing 
hematopoietic reconstitution in a human being. 



eral blood. 

37. Use according to claim 35 wherein the normal 
platelet counts is at least 20x1 0 9 per liter of periph- 
eral blood. 

38. Use according to any one of claims 28-37 wherein 
the hematopoietic reconstitution enhancing engraf- 
ment results in a reduction of the extent and/or 
duration of neutropenia and/or thrombocytopenia 
and/or anemia and/or hemorrhages and/or duration 
of prophylaxis. 



39. Use according to any one of claims 28-38 wherein 
15 the hematopoietic reconstitution or the enhancing 

engrafment is detected by a of the duration and/or 
severity of fever and infections. 

40. Use according to any one of claims 28-39 wherein 
20 the hematopoietic reconstitution or the enhancing 

engrafment is detected by a recovery of granulo- 
cytes count which is at least 1000 per microliter of 
peripheral blood. 



29. Use of human growth hormone or one of its deriva- 
tives or any factor inducing human growth hormone 
release to prepare a medicament for enhancing 
hematopoietic reconstitution following bone marrow 
transplantation in a human being. 

30. Use of human growth hormone or one of its deriva- 
tives or any factor inducing human growth hormone 
release to prepare a medicament for enhancing 
engrafment of bone marrow in a human being. 

31 . Use of growth hormone or one of its derivatives or 
any factor inducing growth hormone release to pre- 

'"' pare a medicament for enhancing hematopoietic 
reconstitution after transplantation of circulating 
cells capable of regenerating hematopoiesis in vivo. 

32. Use of growth hormone or one of its derivatives or 
any factor inducing growth hormone release to pre- 
pare a medicament for enhancing engrafment of 
circulating cells capable of regenerating hemat- 
opoiesis in vivo. 

33. Use according to any one of claims 31 or 32 
wherein growth hormone is human growth hor- 
mone. 

34. Use according to any one of claims 28-33 wherein 
the hematopoietic reconstitution, or the enhanced 
engrafment is detected by an increase of the 
peripheral White Blood Cell (WBC) count and/or 
granulocytes count and/or lymphocytes count 
and/or platelet count and/or erythrocyte count. 

35. Use according to any one of claims 28-34 wherein 
the hematopoietic reconstitution or enhanced 
engrafment is detected by a reduction of the period 
of time necessary to recover a normal peripheral 
White Blood Cell (WBC) count and/or granulocytes 
count and/or neutrophil count and/or lymphocytes 
count and/or platelet count and/or erythrocyte 
count. 

36. Use according to claim 35 wherein the normal neu- 
trophil count is at least 0.5x1 0 9 per liter of periph- 



25 41. Use according to any one of claims 28-40 wherein 
the hematopoietic reconstitution or the enhancing 
engrafment is detected by a recovery of platelet 
count which is at least 50,000 per microliter of 
peripheral blood. 

30 

42. Use of growth hormone or one of its derivatives or 
any factor inducing growth hormone release to pre- 
pare a medicament for treating a neoplastic dis- 
ease, an hematological disorder, malignancies, 
35 Severe Combined Immune Deficiencies (SCIDs), 
congenially or genetically determined hematopoi- 
etic abnormalities, anemia, aplastic anemia, leuke- 
mia and/or osteopetrosis. 

40 43. Use of growth hormone or one of its derivatives or 
any factor inducing growth hormone release to pre- 
pare a medicament for reducing the bone marrow 
aplasia period which follows transplantation, for 
preventing and/or treating opportunistic infections 
45 after transplantation or for limiting the risk of tumor 
recurrence after transplantation. 

44. Use of growth hormone or one of its derivatives or 
any factor inducing growth hormone release to pre- 

50 pare a medicament for preventing and/or treating 
secondary effects of myelosuppressive therapy 
and/or radiotherapy and/or chemotherapy. 

45. Use of growth hormone or one of its derivatives or 
55 any factor inducing growth hormone release to pre- 
pare a medicament for preventing and/or treating 
neutropenia and/or thrombocytopenia. 
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46. Use of growth hormone or one of its derivatives or 
any factor inducing growth hormone release to pre- 
pare a medicament for preventing or treating ane- 
mia and/or neutropenia and/or thrombocytopenia 
following radiotherapy and/or chemotherapy and /or 
hematopoietic stem cells transplantation and/or 
transplantation of cells capable of regenerating 
hematopoiesis and/or Bone marrow transplanta- 
tion. 

47. Use according to any one of claims 28-46 wherein 
the circulating cells capable of regenerating hemat- 
opoiesis in vivo are CD34 + cells and/or 
CD34 + CD33 + cells and/or CD34+CD38" cells 
and/or CD34 + Thy-I cells and/or CD34 + Thy-ICD38' 
cells and/or CD33 + cells and/or stem cells and/or 
progenitor cells and/or long-term culture initiating 

. cells (LTC-IC) and/or cells that fulfill self renewal 
potential and/or cells that fulfill pluripotential char- 
acteristics and/or cells that initiate long term bone 
marrow culture. 

48. Use according to any one of claims 28-47 wherein 
the medicament comprises further one or several 
compound(s) chosen among the following groups 
of compounds ; hematopoietic growth factors, 
cytokines, chemokines, monoclonal antibodies. 

49. Use according to any one of claims 28-48 wherein 
the cytokines group comprises 1L-1.IL-3, IL-6, IL- 
1 1 , Insulin-like growth factor 1 (IGF-1), G-CSF, GM- 
CSF or SCF ; the chemokines group comprises 
MIP-1a or thrombopoietin (TPO) ; the monoclonal 
antibodies group comprises anti-VLA-4 antibodies. 

50. Use according to any one of claims 28-49 wherein 
the medicament comprises Growth Hormone and 
G-CSF. 
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56. Use according to any one of claims 28-55 wherein 
the transplantation is bone marrow transplantation 
or hematopoietic stem cells transplantation. 

s 57. Use according to any one of claims 28-56 wherein 
growth hormone is recombinant growth hormone. 

58. Use according to any one of claims 28-57 wherein 
growth hormone is human growth hormone. 

10 

59. Use according to any one of claims 28 to 58 which 
is preceded in time by a method according to any 
one of claims 1 to 27. 

15 60. Method for the enhancement of hematopoiesis 
reconstitution in a human being comprising the 
steps of : 

a) administering to a donor a composition com- 
20 prising growth hormone or one of its derivatives 

or any factor inducing growth hormone release 
in an amount sufficient to increase in said 
donor the number of circulating cells capable of 
regenerating hematopoiesis in vivo. 
25 b) isolating a population of circulating cells 

capable of regenerating hematopoiesis in vivo 
from the peripheral blood of said donor, 
c) transplantation of the cells recovered in step 
(b) to an individual, and 
30 d) administration of growth hormone in an 

amount sufficient to accelerate hematopoietic 
recovery. 



35 



EP1 016 413 A1 



25 



51. Use according to any one of claims 49 or 50 40 
wherein the G-CSF is administrated in an amount 

of lOjig per kilogram. 

52. Use according to any one of claims 28-51 wherein 
the administration is made by parenteral, subcuta- 45 
neous, intravenous, intramuscular, intraperitoneal, 
transdermal or buccal routes. 

53. Use according to any one of claims 28-52 wherein 
the administration is daily. so 

54. Use according to any one of claims 28-53 wherein 
the administration is made over a period of 3 days. 

55. Use according to any one of claims 28-54 wherein ss 
the administration is made from day 1 to day 3 after 
transplantation. 
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